The decomposition of plant residues, the changes in the total organic carbon (TOC) and the fractions of soil organic matter (SOM) occur differently in irrigated areas. The objective of this study was to quantify the biomass production, the decomposition of cover crops residues and relate them with the changes n the content and fractions of SOM in an irrigated area of vegetable crops. Six types of cover crop treatments were evaluated: brachiaria (B); sunn hemp (S); millet (M); B + S; B + M; S + M, plus an additional treatment (native area), with 4 repetitions. The production of fresh (FB) and dry biomass (DB), the rate of plant residue decomposition, TOC, SOM fractions and the coefficient of SOM (QSOM) were quantified. It was observed that the greatest and the lowest volume of crop residues were from the B and S cover crop, respectively. The cover crops in monoculture presented great decomposition rates and short half-life when compared to mixtures of cover crop. The TOC and QSOM were great in the 0 to 0.05 m soil layer, and in the M + S cover crop mixture, when compared to the 0.05 to 0.1 m soil layer and to other cover crops. Among the SOM fractions, the humin predominated in the most superficial soil layer (0 to 0.05 m).
Introduction
Along with the technological innovations adopted for agricultural production in the Brazilian Cerrado (Savannah like biome), the no-tillage system (NTS) is one of the most expressive and the one that has brought many changes to the previous system of crop production.
The NTS has grown exponentially up to 30% a year, reaching a total area cultivated of 32 million hectares in the season 2014/2015 (Motter & Goelzer, 2015) . This expansion has always been associated with the development of new technologies for crop management, like crop rotation and the selection of plants adapted to the edaphoclimatic conditions of the Cerrado region.
Among the plant species used as cover crops for NTS in Cerrado, brachiaria (signalgrass), millet and sunn hemp are well adapted to its edaphoclimatic conditions and produce great amounts of biomass (Torres et al., 2017; Pacheco et al., 2017; Ceballos et al., 2018) . These plants in summer produce about 6 to 13 Mg ha -1 , 7 to 12 Mg ha -1 and 4 to 9 Mg ha -1 , while in winter these values reduce to 2 to 3 Mg ha -1 , 2 to 4 Mg ha -1 and 3 to 5 Mg ha -1 , respectively (Assis et al., 2016) . The cultivation of brachiaria (signalgrass), millet and sunn hemp as cover crops
The continuous deposition of plant residues that occurs in the NTS increases soil organic matter (SOM), total organic carbon (TOC) and nutrients in soil, especially, when associated with an efficient system of crop rotation . Loss et al. (2013) demonstrated that TOC can be used as one of the main indicators of soil quality, since it has a direct influence on soil physical, chemical and biological attributes. According to Bernoux et al. (2006) Crop rotation associated with a rational use of cover crops can reduce losses of TOC by the continuous maintenance of plant residues on soil surface and the physical protection of SOM within the soil aggregates (Zotarelli et al., 2012) . Lal (2006) verified that reduced tillage and crop rotation alternating Fabaceae and Poaceae plants increase soil biodiversity due to the addition a variety of organic materials making the environment able to absorb and accumulate more carbon.
Some fractions of the SOM can express the changes in soil quality as a function of the management adopted.
Carbon from humic fractions of the SOM (oxidizable carbon) (Loss et al., 2013) , carbon from granulometric fractions of the SOM (Rossi et al., 2011) and carbon from the light organic matter in water (Guareschi et al., 2012) can be used as indicators for accessing the changes due to land uses. To illustrate the magnitude of the influence of these labeled organic fractions in soil, the soil cation exchange capacity (CEC) of organic origin in the most superficial soil layers is highly improved by increments in humic acids (Benites et al., 2003) . Rossi et al. (2011) found that the increase of the of humic fraction in soybean areas grown under NTS and on residues of brachiaria and sorghum, demonstrated that the chemical fractions of SOM is predominated by the humin fraction, in relation to the humic acid and fulvic acid, the cultivation of soybean on brachiaria residues increases the accumulation of carbon in the humin fraction, and the TOC content differs between the different systems used at 0-0.05, 0.05-0.1, and 0.1-0.2 m soil depths. The evaluation of the TOC in the soil layer of 0-0.3 m, verified higher stocks in areas with 8 and 12 years of NTS in the Cerrado biome, without significant differences between these areas (Siqueira Neto et al., 2009) , indicating the importance of such system to the organic carbon in soil.
The majority of the studies evaluating the decomposition of plant residues and the changes that occur in the stock of TOC and in the fractions of soil organic matter have been done in areas under natural conditions, however, in irrigated areas it is necessary to better assess the information missing for this condition. In this context, the objective of this study was to quantify the biomass production, residues decomposition and relate them with the changes caused in the fractions of soil organic matter in an NTS area under irrigated cultivation of vegetables in the Cerrado edaphoclimatic conditions.
Method

Description of the Experimental Areas
The study was conducted in an experimental area of the Instituto Federal do Triângulo Mineiro (IFTM), campus Uberaba, MG, Brazil, located at the coordinates 19°39′43.4″ S latitude, 47°57′57″ W longitude, at an altitude of 795 m above sea level, between September 2016 to April 2017.
The climate of the region is classified as Aw tropical hot according to Koppen (1934) , with a cold and dry winter. The yearly historical average of precipitation and temperature in the region are 1600 mm and 22.6 °C, respectively (INMet, 2018) .
The soil of the area was classified as a dystrophic red Oxisol medium texture (Santos et al., 2013) , presenting in the topsoil (0-0.2 m): water pH = 5.7; 31.67 mg dm -3 of P; 0.25 cmol c dm -3 of K; 1.57 cmol c dm -3 of Ca; 0.37 cmol c dm -3 of Mg and 3 cmol c dm -3 of H + Al (Teixeira et al., 2017) . In the last four years, the area was cultivated sequentially with cauliflower, broccoli and cabbage in NTS, over the residues of brachiaria, sunn hemp and millet, and irrigated via conventional sprinkler.
Experimental Design
The experimental design was in randomized blocks subdivided in plots, with six types of cover crops or combinations: (B) Brachiaria (Urochloa brizantha cv marandu), (S) Sunn hemp (Crotalaria juncea L.), (M) Pearl millet (Pennisetum glaucum L.-ADR500), B + S, B + M, M + S, plus an additional treatment (native area-forest), with four repetitions. Each plot had 60 m 2 (10 m × 6 m).
On September 2016 the cover crops were mechanically sown at the rate of 50, 50 and 25 seeds per square meter of brachiaria, millet and sunn hemp, respectively, spaced 0.5 m between sowing lines. When cover crops were mixed 50% of the seed rate recommendation for each species was used. No fertilizers were applied prior to or during the cover crop cycle.
The cover crops were cultivated from September to November of 2016, at the beginning of the rainy period, and when 50% of these plants have reached the maximum flowering plant samples were taken in a 2 m 2 representative area per plot to evaluate fresh biomass (FB) and dry biomass (DB). The DB was obtained after fresh samples were dried in an oven at 65 ºC for 72 hours. Both mass results were expressed in kg ha -1 .
After sampling, the cover crops were desiccated with glyphosate (792.5 g kg -1 active ingredient), and salt of dimethylamine dichlorophenoxyacetic acid (840 g L -1 active ingredient), at doses of 2 kg ha -1 and 2 L ha -1 of the commercial product, respectively.
Evaluations
The plant residues decomposition was monitored during the period from November 2016 to April 2017. To evaluate the rate of plant residue decomposition it was used the method of decomposing litter bags (plastic bags of 0.2 × 0.2 m with 2 mm mesh), as used by Torres et al. (2013) , Assis et al. (2016) and Pacheco et al. (2017) . Soon after the dissection of the cover crops, 24 bags were distributed on the soil surface in each plot, and four bags were collected per plot at each sampling time, which occurred at 15, 30, 60, 90, 120 , and 150 days after the distribution of the litter bags. In each sampling time the plant residues in each bag were manually collected, dried in a forced air circulation oven at 65 °C until constant weight to determine the dry biomass of the residues left.
To describe the decomposition of the plant residues it was applied the exponential mathematical model described by Thomas and Asakawa (1993) :
( 1) where, X is the quantity of dry biomass remaining after a period of time "t" (days); Xo is the initial amount of dry biomass, and "k" is the constant of the residue decomposition. The k value was calculated as the half-life time (T 1/2 ) of the plant residue, using the formula proposed by Paul and Clark (1996) , which expresses the period of time required for half of the plant residues to decompose:
Three soil samples were collected in all plots at 0 to 0.05 and 0.05 to 0.10 m soil depth. After the collection, samples were air dried for 72 h, and sieved (2 mm mesh) to obtain air-dried fine soil.
The levels of total organic carbon (TOC) were quantified according to Yeomans and Bremner (1988) . From the calculated values of TOC, the amount of soil organic matter (QSOM) was estimated with the methodology proposed by the IPCC (2003), using the equation:
where, QSOM = quantity of soil organic matter (Mg ha -1 ); SD = soil density (g cm -3 ); h = thickness of the soil layer (cm); and, SOM = content of soil organic matter (dag kg -1 ).
The humic substances were separated in three fractions: fulvic acid (FA), humic acids (HA) and humin (HUM), using the technique of differential solubility established by the International Society of Humic Substances according to the technique adapted by Benites et al. (2003) .
Statistical Analysis
The results of this study were analyzed for normality of residues and homogeneity of variances (presumptions of the analysis of variance) by the Shapiro-Wilk and Levene tests, respectively. After attendance of these presumptions, the data were subjected to the analysis of variance (F test). Significative results of the F test were then compared by the Scott-Knott test of averages (p < 0.05). These analyses were done with the software R Core Team. The mathematical equations and regression curves of plant residues decomposition were compiled using the SigmaPlot (v. 10) software.
Results
Biomass Production by the Cover Crops
The production of fresh biomass observed indicated that B + S produced greater biomass than other coverages, yielding 34. Cover crops Note. * = differ from other treatments (p < 0.05). Averages followed by the same letter in column do not differ by the Scott-Knott test (p < 0.05).
Decomposition rate and Remaining Biomass
Through the decomposition constant (k) of the regression curves it is possible to estimate the time of half-life (T½ life) of the residues of these cover crop plants, which proves that the decomposition is accelerated in plants in monoculture, because half of the residues of brachiaria, pearl millet and sunn hemp decomposed at 25.5, 28.3 and 23.3 days, respectively; however, when cover crops are mixed, the decomposition period increases, varying between 28.6 and 38.9 days (Table 2) , which shows that these rates can change when cover crops are mixed, altering the cycling and release of nutrients for subsequent crops. Additionally, the decomposition of the cover crop residues is accelerated in irrigated areas due to low-temperature variation and great humidity conditions that occur in these areas, improving the action of the soil microorganisms which improves the decomposition rates when compared to natural conditions (no artificial irrigation).
Estimate of Total Organic Carbon and the Amount of Soil Organic Matter
Analyzing the content of TOC it was observed that there were significant differences only in the most superficial soil layer (0-0.05 m), with values significantly higher in the mixtures M + S (1.94 dag kg 
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In their studies, Assis et al. (2016) and Torres et al. (2017) observed similar results when using brachiaria, since the rate of decomposition of the brachiaria residues were accelerated when compared to crotalaria and millet, suggesting that it is not only the C/N ratio of plant residues to decisively affect the process of plant residue decomposition. The C/N that these plants feature in monoculture, when compared with cover crop mixtures, may present middle or higher ratios of decomposition, as evidenced in other studies carried out in the same region (Torres et al., 2013; Assis et al., 2016; Pacheco et al., 2013) .
This great rate of decomposition of the brachiaria residues can be justified by the low temperature variation and elevated humidity conditions that occurred during this period of the year, in addition to the daily irrigation for vegetable production, which accelerates the decomposition process, as evidenced by Torres et al. (2015) , Assis et al. (2016) , Pacheco et al. (2017), and Collier et al. (2018) .
Some other studies evaluating the decomposition of residues of millet, sunn hemp and brachiaria in natural conditions (no artificial irrigation) showed that the greatest rates of decomposition always occur on Fabaceae, and minor in Poaceae (Carvalho et al., 2011; Assis et al. 2016; Torres et al., 2015 Torres et al., , 2017 . These authors also observed that the rates are directly influenced by soil moisture because the decomposition increases in parallel to the increase of water availability that occurs in the rainy period and decrease to minimum values in the dry period (Torres et al., 2008; Pacheco et al., 2017) .
In natural conditions (no artificial irrigation), a similar study evaluating the biomass production and mineralization of cover crops residues in NTS, found greater T½ life for millet (131 days), sunn hemp (98 days) and brachiaria (56 days), which were 463, 421 and 220% superior to those found in this study, respectively (Torres et al., 2008) . In the harvest of 2008/09 and 2009/10, Pacheco et al. (2013) observed T½ life of 42 (165%) and 111 (435%) days for brachiaria, 63 (223%) and 108 (382%) days for millet, and 44 (113%) and 130 (334%) days for brachiaria + pigeonpea, respectively. Collier et al. (2018) observed T½ life of 57 (245%) days for sunn hemp when it was cultivated for 170 days. These results prove that the residue decomposition from the cover crops evaluated are decreased and present great T½ life on soil, when compared to the results observed in the irrigated area of this study.
Even in the conditions of stable temperatures and great humidity of the irrigated area, the mixtures M + S and B + S (Fabaceae + Poaceae) presented a T½ life of 28.6 and 30.4 days, respectively, values that are significantly lower when compared to B + M, 38.9 days, composed by mixing Poaceae species, which are plants that have great C/N ratio. Pacheco et al. (2011) evaluated the decomposition rate of plant residues from mixtures of Fabaceae and Poaceae in the dry and rainy seasons, and observed T½ life of 44 and 130 days for brachiaria + pigeonpea, respectively, while Rossi et al. (2013) evaluating brachiaria + soybean and sorghum + soybean, observed 99 and 385, and 115 and 495 days for the same seasons. The authors explained that the conditions of high precipitation favored the activity of soil microorganisms, accelerating the process of residue decomposition.
According to Giacomini et al. (2003) , the mixture of Fabaceae and Poaceae in the same area produces residues with intermediate C/N ratio, when compared with monocultures, and decelerate the decomposition process. This situation was also proven by Torres et al. (2013) , Assis et al. (2016) and Pacheco et al. (2013) . Bettiol et al. (2015) and Siqueira Neto et al. (2009) observed in their studies, that in cover crop mixtures including sunn hemp there is an increase in the biomass production, perhaps by the extra nitrogen supplied through the biological nitrogen fixation, which favors the development of the Poaceae species.
The evaluation of cover crops under different management systems indicated that Poaceae species as millet also assists in deep soil incorporation of carbon, which is related to the great development of the adventitious root system . The low C/N ratio also reduces the decomposition rate and contributes to the preservation of the soil organic matter.
completed. Only 5 to 15% of the plant residues deposited on soil surface becomes humified matter, and this process mainly depends on the quantity and quality of the material deposited and on the agricultural management applied. Ruthner and Sevegnani (2012) emphasize that great plant residue accumulation on soil surface was due to the low rate of residue decomposition, which provides greater protection to the soil and retention of carbon in the SOM over time.
Evaluations of the stock of carbon (EstC) done by Pereira et al. (2010) in different management systems indicated that the use of millet produced great values of EstC in the 0 to 0.2 m soil layer, when compared to other cover crops such as sunn hemp and spontaneous vegetation. In the same study, it was observed that the use of millet assists in the incorporation of carbon in deep soil layers.
According to Lal (2006) , the increase in TOC and in the EstC in soil occurs slowly, via biomass deposited on the soil surface and root degradation. Denef et al. (2008) further highlighted the great increase of TOC in areas managed with irrigation, resulting in greater deposition of plant residues on soil surface altering the coefficients of SOM. Analyzing the fertility and TOC in a Cerrado Oxisol under pasture, Loss et al. (2013) , observed that in irrigated areas the levels of TOC were greater, and explaining this as a consequence of the great inflow of aboveground biomass and roots into the soil, and that this increase is more noticeable in the labile fractions of SOM.
In the soil depth of 0.05 to 0.1 m, the biggest QSOM occurred in areas with M + S (23.77 Mg ha -1 ), brachiaria (21.17 Mg ha -1 ) and sunn hemp (20.95 Mg ha -1 ), which differed from the other treatments. This QSOM was greater where there was Poaceae in monoculture or in mixture, because these plants have a broad and deep root system, which promotes a great flow of organic matter in soil layers. According to Kuzyakov and Domanski (2000) , when plant residues have great concentrations of lignin and aromatic compounds (higher C/N ratio), the material presents a low decomposition rate, contributing to the maintenance of organic substances in the soil in the most superficial layers.
In a native forest the carbon content of humic substances of the SOM were quantified by Pessoa et al. (2012) , and the authors found that in the 0 s 0.05 m soil layer, the SOM found were 4.7, 11 and 20.5 g kg -1 for the fractions of FA, HA and HUM, while in the 0.05 to 0.1 m soil layer, these levels were 4.1, 8.9 and 15.2 g kg -1 , respectively. In general, the humin fraction showed the highest levels of carbon when compared to other fractions -humic and fulvic acids. In several studies evaluating the use and management of soils, it was also observed the predominance of carbon in the humin fraction in relation to the other fractions (Guareschi et al., 2012) .
Conclusions
Brachiaria and sunn present the highest and the lowest volume of plant residues among the covers crops evaluated, respectively.
The cover crops in monoculture have higher decomposition rates and shorter half-life when compared to cover crops in mixtures under Cerrado edaphoclimatic conditions. The content of total organic carbon and the coefficient of soil organic matter are significantly higher in the 0 to 0.05 m soil depth, and in the mixture millet + sunn hemp, when compared to other soil depths and cover crops treatments.
There is a predominance of humin in the soil profiles studied, and the highest concentrations of these fractions are found in the most superficial soil layer (0 to 0.05 m), indicating that the accumulation of this insoluble fraction of the soil organic matter will increase over time under no-tillage systems.
